OBJECTIVES The aim of this study was to define age-stratified, procedure-specific benchmark radiation dose levels during interventional catheterization for congenital heart disease.
studies in children and substantial technical advancements in catheterization equipment have led to relatively lower radiation doses (4) . However, over the same period, the complexity and relative number of interventional transcatheter procedures have increased (5) (6) (7) (8) . Although reference levels for radiation exposure have been widely used outside of pediatric cardiology, limited data are available with regard to radiation exposure in patients with CHD undergoing catheterization and interventions (9) (10) (11) (12) (13) (14) (15) (16) .
Obtaining benchmark radiation exposure data for congenital cardiac catheterization is challenging due We aimed to define initial benchmark radiation dose values for C3POQI that will be reassessed biannually ( Figure 1) . With QI initiatives, we expect these benchmark values to decrease over time. The results of the present study will allow application of the ACCendorsed dose metric and will provide data to assess improvements in the future. 
METHODS
Ghelani et al.
Radiation During Congenital Catheterization imaging planes. K a,r is the radiation dose accumulated at a specific point in space (the patient entrance reference point) relative to the fluoroscopic gantry.
It is used as a predictor of the risk of deterministic effects, such as radiation-induced skin injury (22) . 50th, 75th, and 95th percentiles were generated. Ghelani et al.
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the centers reported the use of the store fluoro feature; however, there was a wide range in the proportion of cases in which this was done (10% to 95%).
One center used digital subtraction angiography.
Six Table 1 . Age-based stratification is presented in Tables 2 to 4 . however, the radiation exposure by K a,r or DAP measures was w600% higher for TPV placement.
DISCUSSION
This is the first multicenter report of procedurespecific radiation doses during interventional catheterization for CHD. Benchmark values were generated from relatively homogeneous, age-stratified patient groups from 7 centers participating in the C3POQI
collaborative. With ongoing QI efforts, as has occurred in other specialties, we anticipate radiation exposure measures to decline over time (9, 10) .
Moreover, these benchmarks will provide a guideline to interventional cardiologists striving to achieve radiation doses as low as reasonably attainable (16).
We recommend the use of DAP and K a,r , but not contributors to these differences. Sawdy et al. (27) reported radiation dose assessment for >400
congenital heart procedures in a medium-size pedi- Values in parentheses are 95% confidence interval.
Abbreviations as in Table 1 .
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Radiation During Congenital Catheterization Alternative imaging techniques have successfully Values in parentheses are 95% confidence interval.
been used to decrease radiation exposure during catheterization for electrophysiology procedures (36).
More recently, an x-ray magnetic resonance fusion technique has been investigated as a potential method to reduce radiation exposure for congenital catheteri- Using percentile values for data from 7 different centers may reduce the chance of such an error. As some centers in the database performed many more procedures than others, results of this study may be Values in parentheses are 95% confidence interval.
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